Understanding the level of genetic diversity in any population is an important requisite towards strategizing measures for conservation and improvement of stocks. This study focused on the assessment of phylogenetics and molecular divergence of tilapia fish species obtained from two populations (Domita in South-South and Odeda in South-West, Nigeria) using the displacement loop (D-loop) and cytochrome b region of the mitochondrial deoxyribonucleic acid (mtDNA). A total of 28 samples (15 from South-South and 13 from SouthWest) were used for the genetic analysis. DNA was extracted from the tissue of all the samples using Quik-gDNA TM miniPrep kit. The D-loop containing the hypervariable region was sequenced for all samples from the two populations, while cytochrome b (Cyt b) region of mtDNA was only sequenced for samples from South-South population. Chromatograms of the sequences were viewed and edited using Bioedit software. Multiple sequence alignment was carried out using molecular evolutionary genetic analysis (MEGA) software before subsequent genetic analyses. Phylogenetic analysis grouped the samples into two clusters based on population. Also, when the two mitochondrial regions were pooled together, they clustered into two major groups based on mitochondrial regions. Analysis of molecular variance (AMOVA) revealed 37.32% variation within population and 62.68% variation among population with a significant fixation index of 0.627 (p < 0.05). 
Introduction
The Nile tilapia (Oreochromis niloticus) is the most commonly farmed tilapia species in Nigeria with good aquaculture qualities such as ability to withstand poor water quality and wide range of feed that support its cultivation. Reference [1] reported that tilapia has fast growth rate that can be further improved in a more favourable environment. According to [2] , Nile tilapia has special features such as cycloid scales, grey/black body bars, pointed mouth part that ease it identification. As a maritime nation, integrating tilapia farming into agricultural schemes will be a necessary step towards addressing the problem of protein malnutrition, which is currently a challenge faced by many impoverished Nigerians. Comparing the nutritional values of tilapia to other animal protein sources, [3] documented protein content of 20.1 g, 18.6 g and 21.2 g and cholesterol content of 50 mg, 68 mg and 64 mg per 100 g of tilapia, beef and chicken respectively. Although catfish is the most farmed fish in Nigeria, tilapia is a good candidate that could compete with catfish farming and consumption if given adequate research attention. It had been earlier reported that the total fat of 6 g and 18 g; 59 g and 42 g protein content; 130 mg and 145 mg cholesterol per 80 ounce are available in tilapia and catfish, respectively [4] . With the growing rate of insecurity in the country, the number of internally displaced people is consequentially increased daily. These people are faced with malnutrition, especially protein malnutrition in their various camps across the country leading to high mortality rate. Although government has made effort to meet the nutrient requirement of these unfortunate Nigerians, this effort is not just sufficient and as such, sourcing protein from tilapia fish to meet this need may be advantageous considering that it is cheaper, readily accessible, with high protein content and other nutritionally essential elements needed for body growth. The challenge in achieving this objective is that Nigeria is far behind in fish production [5] with an estimated N125 billion spent annually on fish importation that has left the country as the highest importers of fish in developing countries [6] . Also, there is a serious concern over the possible genetic erosion of tilapia fish perceived from the continuous exploitation and indiscriminate fishing from the wild by local fishermen to meet market demand.
Overcoming the present doom demands intensified efforts and interest in fish research and production especially tilapia fish which has received very little or E. E. Ekerette et al. American Journal of Molecular Biology no research interest over the past years. This will pave new way for possible integration of tilapia fish farming into agricultural programmes. To achieve this, it is necessary to assess the different ecosystems where tilapia fish species are available as well as identifying reliable methods for their proper management, conservation and genetic improvement. Genetic variation and phylogenetic studies which assess the variation and relationships existing within and between populations have recently become an integral part in agricultural programmes as a tool for selection of breeding stock and characterization of species for possible conservation [7] . A good insight into the pattern of variation as well as the relationship in a population is a requisite for producing improved breeds. These relationships could be studied via morphological data from a population. Although morphometric method is the simplest and the most direct way used for fish identification and characterization [8] [9], it may not be very reliable for phylogeny considering that it is more subjected to environmental influences [10] [11] [12] . To fill this gap, different marker techniques have been developed and used for fish phylogenetics. The use of biochemical methods such as isozymes and protein banding patterns has been promising [13] [14] . Protein banding methods are often less informative and are used as preliminary phylogenetic investigative tool [15] . The advent of genetic markers such as RAPD, RFLP, and microsatellite in conjunction with statistical tools has revolutionized population studies geared towards exploring the phylogenetic relationships within and between populations. Importantly, DNA sequence data have proven to be the most direct and reliable method of assessing the pattern of variation and relationships among species.
Sequence data may be obtained from mtDNA or nuclear DNA. However, mtDNA found within the cytoplasm of a cell remains a good choice over nuclear DNA for phylogenetic studies due to the fast rate of mutation in the region [16] [17] and specificity as it is inherited only through maternal cell line [18] . These features of mtDNA are used by evolutionary biologists to establish relationships and to trace maternal lineage of species using array of sequence data. The displacement loop (D-loop) is the most variable region of mtDNA [19] and previous research reported that high variation in the region is useful in characterizing tilapia species [20] [27] . In the present study, it was our aim to assess the phylogenetics of Oreochromis niloticus, a common species of tilapia fish in Nigeria using mitochondrial D-loop and Cytb. DNA pre-wash buffer was added to the spin column and centrifuged at 10,000 × g for one minute. 500 µl of g-DNA wash buffer was added to the spin column and further centrifuged at 10000 × g for one minute. The spin column was transferred to a clean microcentrifuge tube and ≥50 µl of DNA elution buffer was added to the spin column. This was incubated for two to five minutes at room temperature and afterward centrifuged at top speed (14,000 × g) for 30
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seconds to elute the DNA. The eluted DNA was stored at −20˚C for further analysis.
PCR Amplification
PCR amplification was carried out using the primers Fish-comum-D-loop For-
ward (5'-GGATTYTAACCCYTRCCCC-3') and Czilli Reverse (3'-AGTAAAG TCAGGACCAAGCC-5') for D-loop region as previously used by [22] . Czilli Forward (5'-GGATTTTAACCCTTACCCC-3') and Czilli Reverse (3'-AGTAAAGTCAGGACCAAGCC-5') were designed and used for cytochrome b region of the mtDNA. PCR for each mtDNA region was carried out using 25 µl reaction volume containing 1 µl genomic DNA, 2 mM MgCl 2 , 200 µM of dNTP, 2.5 µl of 10 × PCR buffer, 1 µM of each primer and two units of STABVIDA
proprietary Taq polymerase. This was performed using the GeneAmp ® PCR system (9700 thermal cycler, USA) with the cycling condition of initial denaturation step at 95˚C for five minutes, followed by 25cycles of denaturation at 94˚C
for 40 seconds, annealing at 54˚C for 45 seconds, extension at 72˚C for one minute and final extension at 72˚C for seven minutes. PCR products were purified using exofast protocol according to the manufacturer. 
Sequencing of D-Loop and
Statistical Analysis
Bioedit software version 7.2.5 [29] was used to view and edit the sequences.
MEGA 6.06 was used for multiple sequence alignment of all the samples [30] excluding all the gaps. Analysis of molecular variance (AMOVA) was determined using Arlequin 3.5.1.3 software [31] . Arlequin was also used to compute the fixation index among the populations which was computed as the average of the variance among the populations by the total variance observed in the population. The genetic distance and phylogenetic analysis of samples from the populations was performed using MEGA 6.06 [30] . To classify the species into maternal lineage, D-loop sequences of other tilapia species were retrieved from GenBank with the following accession numbers: KX757836. and AF370632.1 were used. These were all aligned with the query sequences obtained from tilapia in the studied populations to construct a maximum likelihood tree using MEGA 6.06 with 1000 bootstrap replications [30] .
Results
Phylogenetic Relationship Analysis
The Neighbor-Joining phylogenetic relationship of tilapia fish from the two populations based on mitochondrial D-loop is presented in Figure 2 . The numbers at the node represent the percentage bootstrap values for branches with 
Analysis of Molecular Variance (AMOVA)
From Table 1 , AMOVA revealed that molecular genetic variation among populations was higher (62.68%) than within population variation (37.32%) inferred from the D-loop of the two populations. Additionally, fixation index was 0.627, which made the variation significant (p < 0.05).
Genetic Distance
The genetic distance between tilapia fish from South-South and South-West population was 0.243. From Table 2 , the highest genetic distance within mito-American Journal of Molecular Biology chondrial D-loop of tilapia from South-South population was between SS5 and SS14 (0.174), while the lowest distance was between SS10 and SS13 (0.009). The highest genetic distance within South-West population was 0.133 recorded between SW2 and SW6 and between SW3 and SW10, while the lowest distance was between SW9 and SW12 (0.002), Table 3 . Similarly, Table 4 showed that the highest genetic distance within mitochondrial Cyt b of South-South population was 0.149 (SS3 and SS12) while the lowest genetic distance was 0.000 (SS7 and SS8, SS6 and SS9, SS5 and SS10, SS5 and SS11, SS10 and SS11, SS4 and SS12, SS5
and SS14, SS10 and SS14, SS11 and SS14).
Maternal Lineage
Unweighted Pair Group Method with Arithmetic Means (UPGMA) tree constructed using the query sequence of tilapia fish from South-South and South- FJ664233.1, AF296455.1, AF296460.1 and FJ664215.1) is presented in Figure 5 and Figure 6 . From the lineage analysis, tilapia fish from South-South population used in this study shared the same lineage with Oreochromis aureus, while tilapia from South-West population shared the same lineage with Tilapia zillii were compared with South-South population ( Figure 7 ). E. E. Ekerette et al.
Discussion
Understanding the genetic architecture of species in a population is very critical in developing conservation and management strategies for endangered species [32] . Tilapia fish is highly migratory species with high rate of introgression, which may alter their genetic originality. Thus, for management and improvement of this important species, it becomes imperative to assess their genetic blue-print and relationships.
The importance of understanding the phylogenetic relationship existing within and between species in a population cannot be overemphasized as it has become a handy method used in tracing the origin and evolution of species, prediction of physiological, biochemical and structural features of sequences obtained from organism [33] . Phylogenetic tree can be constructed using different features and characters of species such as morphology, RAPD information or sequence data of the DNA. Important to note is the reliability of sequence data over other methods in establishing the relationship between closely related species [34] . In this study, the phylogenetic tree constructed from the sequence data (D-loon and cyt b) of samples from the two populations clearly separated the samples into two major clusters based on population. All samples from SouthSouth population were grouped under the same major cluster while South-West samples clustered under a common group. This could suggest that the two populations are genetically distinct although they may share a common ancestor.
The findings here corroborate the earlier report by [22] that populations of tilapia species in Nigeria showed no evidence of sub-structuring in their phylogeny but may be traced to a single ancestral lineage. Similarly, phylogenetic analysis by [35] and [36] also revealed population-based phylogenetic clustering of fish.
Comparing the two mitochondrial DNA regions showed that the samples are genetically distinct as they were specifically grouped based on the two mitochondrial regions used for the study. Although D-loop was sequenced for two different populations, the samples from these populations shared the same major cluster. This might suggest that sequence evolution of mtDNA D-loop region is not environmentally influenced but the differences could be traced to other factors inherent in the sequence. Also, the fact that there was no intertwining of D-loop and cyt b samples on the phylogenetic tree could be an indication of the dissimilarity of these regions in predicting evolutionary trends [19] . Phylogeny of the two populations corroborates the findings of the genetic distance based on D-loop region. In South-South population, samples with the highest genetic distance (SS5 and SS14) were found in separate sub-clusters, while the lowest genetic distance (SS10 and SS13) were sub-clustered together with a bootstrap value of 83. In South-West population, the highest genetic distance (SW2 and SW6)
were in different sub-clusters, while the lowest distance observed between SW9
and SW12 were in the same sub-clusters. The genetic distance between South-South and South-West populations based on D-loop was 0.243, which was higher than within population genetic distance.
Genetic distance measures the genetic differences between species/populations.
Populations with similar alleles are expected to have low genetic distance as an indication of their genetic relatedness [39] . Therefore, genetic distance between the populations may be further indication of the molecular divergence between tilapia from South-South and South-West Nigeria. The result on the genetic distance further support the speculation that tilapia fish sampled from South-South and South-West may not be the same species as the genetic distance is wide.
Going by the report of [39] , it does suggest that the two populations might not be genetically related especially using mtDNA D-loop reference. The genetic unrelatedness may also be from the fact that due to random mutation, alleles that were similar from the ancestral root had changed frequency [40] . This di- is reported that the mutation rate of the different regions of mtDNA are different [19] , the findings of the present study may not be unexpected.
Conclusion
The findings of this study revealed the existence of molecular divergence between tilapia fish from the two geographical regions of Nigeria. Also, the two mtDNA regions used in this study showed dissimilarity in estimating genetic relatedness.
